and it has subsequently been considered a species of conservation concern because of its restricted geographical range and threatened habitat. Formicivora s. interposita, however, was not elevated and is generally considered a subspecies of serrana. In this study we review the taxonomy of F. serrana, testing the validity of F. littoralis and proposing the best taxonomic treatment for F. s. interposita. The results of morphometric, vocal and plumage analyses show that F. s. interposita and F. littoralis lack diagnostic characters, and are therefore not valid phylogenetic species. Further, our results indicate that F. littoralis is not a valid biological species, but that it and interposita could be considered subspecies of F. serrana under this species concept. These results stress the need for detailed systematic studies in support of taxonomic decisions.
Introduction
The genus Formicivora Swainson comprises eight species (Gonzaga et al. 2007) , four of which are considered polytypic (Zimmer & Isler 2003) . These species inhabit a variety of non-forest habitats throughout South America FIGURE 1. Holotype of F. serrana (Hellmayr, 1929) 2. Distribution and some diagnostic features (supercilium, wing coverts and rectrices) of the subspecies of F. serrana (Gonzaga and Pacheco 1990) . The open triangle, square and circle represent the type locality of F. s. serrana, F. s. interposita and F. s. littoralis, respectively. (Original plate from Gonzaga and Pacheco (1990) .
Three analyses were conducted for each plumage character, two analyses for the adults and one for juveniles. The first analysis of adults focused on all specimens with completely ossified skulls; the second excluded all specimens with completely ossified skulls whose upperparts were brown where the upperparts of other specimens were predominantly black or grey. These specimens were treated as "possible juveniles" because F. s. littoralis juveniles have brown upperparts (Soneghet 1991) in contrast to the Vandyke Brown to Sepia upperparts of adults (Gonzaga & Pacheco 1990) . The analyses of the juveniles focused only on specimens with partially or non-ossified skulls.
Vocal analysis. Vocalizations were obtained from the researcher's personal files (Carlos Rodrigo Meireles de Abreu (CRMA), José Eduardo Simon (JES), Faunativa (FN), Jeremy Minns (JM), Arquivo Sonoro Elias Coelho (ASEC/UFRJ), and from fieldwork (listed as DHF on Appendix 2). These latter vocalizations were digitized using a sampling rate of 44.1 kHz and 16 bits per sample in the mono pattern. The sound analyses were made using the programs Syrinx 2.6hs and Soundruler 0.9.6.0. Statistical analysis of vocalizations were conducted using the software STATISTICA (Statsoft 2001) for the descriptive analyses, tests of normality (Kolmogorov-Smirmov tests), and analyses of variance (one-way ANOVAs). Statistical significance was accepted at p< 0.05.
The vocalizations were divided into song and calls, the latter divided into call 1 (= "alarm call" of Gonzaga 2001) and call 2 (= "contact call" of Gonzaga 2001) . The characters analyzed for song were number of syllables (defined as a series of units which occur together in a particular pattern; Catchpole & Slater 1995) ; duration of phrase (measured in seconds from the beginning of the first syllable to the end of the last syllable); pace of the phrase (calculated as the number of syllables of the phrase divided by its duration); duration and frequency of the fundamental harmonic (kHz) of the second, central and last syllables; duration of the interval between these sylla-bles and the previous ones; structure of the syllables and elements; and presence of brief pauses in song phrases (Tobias and Williams 1996) . The analysis of call 1 focused on the number of syllables, duration and pace of the phrases, duration and frequency of the fundamental harmonic, and structure of the central syllable. The analysis of call 2 focused on the duration and frequency of the fundamental harmonic of the central syllable. Decisions regarding diagnosability of characters followed the methodology of Isler et al. (1998) ; that is, continuous variables, such as duration of the phrases, could not overlap, and discrete variables, such as syllable structure, must be used unequivocally to identify every spectogram to species.
Results
Names related to F. serrana. The examination of the type specimens and the original descriptions of F. deluzae Ménétriés, 1835; F. nigricollis Ménétriés, 1835; F. melanogastra Reinhardt, 1870; F. rufatra Cabanis, 1874; F. grisea Ihering and Ihering, 1907 and other relevant names did not reveal any senior synonym available for F. serrana.
Plumage (males). The character states for plumage of the males are described in Table 1 . Given the lack of significant differences among analyses, only the results of the first analysis (of adults) are discussed here.
White supercilium. Six character states were observed (Figure 4 ). Adult specimens of F. s. serrana ( Figure 5 ) presented only the "large and uninterrupted" white supercilium. This character state was also found in some specimens of F. s. interposita, which presented five states of supercilium varying from "large and uninterrupted" to "post ocular white macula" (Figure 6 ). Formicivora s. littoralis presented four patterns of supercilium: "thin and interrupted"; "thin and interrupted with only a few white feathers"; "post ocular white macula", which was also found in specimens of F. s. interposita; and "post ocular thin and uninterrupted" white supercilium, the only state restricted to specimens of F. s. littoralis. The original description of F. s. littoralis (Gonzaga and Pacheco, 1990) did not mention the presence of white feathers at the superciliary area.
Upperparts. Seven patterns of upperparts coloration were observed ( Figure 7 ). Upperparts of adult specimens of F. s. serrana varied only from rufous brown to cinnamon brown (Figure 8) Rectrices. For the description of each observed pattern of rectrices see Table 1 and Figure 10 . The adult males of F. s. serrana showed all patterns (Figure 11 ), whereas F. s. interposita presented only patterns 1 and 2 and F. s. littoralis presented only patterns 2 and 3.
Wing coverts. Four patterns of wing coverts were observed ( Figure 12 ). Adult males of F. s. serrana and F. s. interposita presented the same patterns ( Figure 13 ): "large white spots", "intermediate white spots" and "small white spots" on the tips of the lesser and median wing coverts. F. s. littoralis showed the same three patterns as well as the pattern "without white spots", which was restricted to this taxon.
Flanks. The color of the flanks varied from white shaded with brown or gray, to dark gray ( Figure 14 ). Adult males of F. s. serrana presented white flanks, white flanks shaded with brown, and white flanks shaded with gray ( Figure 15) . Formicivora s. interposita showed the same colors as well as dark gray flanks, only found in a few specimens. The majority of specimens of this taxon had the white flanks shaded with gray. All four character states were found in specimens of F. s. littoralis.
Tibia feathers. The three character states of tibia feathers ( Figure 16 ) were found in adult specimens of all taxa ( Figure 17 ). The majority of specimens of F. s. littoralis had entirely black tibia feathers.
None of the plumage characters examined were useful for diagnosis of taxa, given the overlap of character states between taxa in analyses of both adults and juveniles.
Plumage (females). Table 2 describes the characters and their respective states for female specimens. There were only three juvenile specimens, according to skull ossification data on the labels; therefore, only adults were analyzed. (MNRJ 36750, above) and of F. s. littoralis (MNRJ 36751, below) Upperparts. The upperparts varied from dark brown to grayish horn ( Figure 18 ). Females of F. s. serrana and F. s. littoralis showed all upperparts colors, whereas those of F. s. interposita presented only dark brown and light brown (Figure 19 ).
Abdomen. The observed colors for belly were faint yellow, cream yellow, and buff yellow ( Figure 20) . The specimens of all three taxa presented all three belly colors ( Figure 21 ). Rectrices. Female specimens presented three rectrix patterns (patterns 1, 2 and 3; see Figure 10 ). Specimens of F. s. serrana had only pattern 1, F. s. interposita patterns 1 and 2, and F. s. littoralis all three patterns (Figure 22) .
Wing coverts. None of the female specimens presented the pattern "without white spots" on lesser and median wing coverts (Figure 23 ). Specimens of F. s. serrana had "large white spots" and "intermediate white spots", whereas F. s. interposita and F. s. littoralis showed these patterns as well as "small white spots" (Figure 24) .
As with the males, it was not possible to diagnose these taxa based on analysis of specimens of females (see also Gonzaga and Pacheco 1990, Ridgely and Tudor (1994) .
Vocal analysis. For descriptions of the vocal characters, see Appendix 2. Both normality and homoscedasticity tests allowed the use of parametric tests for song and call analyses.
Song. No structural differences in either syllables or elements were found among the three taxa .
Formicivora s. serrana had the longest phrase duration (mean 3.53 seconds), followed by F. s. interposita (mean 3.20 seconds) and F. s. littoralis (mean 2.73 seconds), but no significant difference between these taxa was observed (F 2,31 =1.7022, p=0.198) .
The number of syllables ranged from 2 to 51 and there were no significant differences among the taxa (F 2,31 =0.2518, p=0.778). The mean value for the number of syllables was somewhat lower than that found by Gonzaga (2001) Gonzaga (2001) .
According to Gonzaga (2001) , the pace of F. s. littoralis phrases is faster than that of F. s. serrana phrases, a statement corroborated by our results. The pace (F 2,29 =14.677, p<0.000) of phrases of F. s. littoralis was significantly faster than that of phrases of F. s. serrana (p<0.000) and F. s. interposita (p=0.001), but no significant difference was observed between F. s. serrana and F. s. interposita (p=0.481). The faster pace of F. s. littoralis relative to F. s. serrana and F. s. interposita is confirmed by the duration and number of syllables in F. s. littoralis (see Table  3 ). however, no significant difference was found between the latter two taxa (p=0.825). No significant difference was found among the three taxa in the interval duration of the last two syllables (F 2,31 =2.4794, p=0.100).
There was no significant difference among the taxa in the duration of the second syllable (F 2,29 =2.7808, p=0.078). A significant difference was observed only between F. s. serrana and F. s. littoralis in duration of the central syllable (p=0.014) and last syllable (p=0.023). The duration of the syllables (second, central and last) was longest in F. s. littoralis and shortest in F. s. serrana (see Table 3 ).
The fundamental harmonic frequency (independent of the syllable) ranged from 1.67 to 2.71 kHz. No significant difference was observed among the taxa in the fundamental harmonic frequency of the second element of the second syllable (F 2,30 =2.2515, p=0.122), the central syllable (F 2,31 =0.1088, p=0.897), or the last syllable (F 2,31 =0.6315, p=0.538). The pauses in song phrases (Figure 28 ), described by Tobias and Williams (1996) Tobias and Williams' (1996) observation that these pauses are more frequent in F. s. littoralis than in F. s. serrana.
Despite several significant differences, the overlap between the minimum and maximum values in all continuous variables, as well as the absence of a structural difference in syllables among the three taxa, did not allow a vocal diagnosis of these taxa. Table 3 ). This could be interpreted as clinal variation in song similar to that noted for the plumage characters.
The intermediate position occupied by F. s. interposita in all vocal characters related to duration is remarkable (see mean values in
Call 1. No significant difference was observed in phrase duration among the taxa (F 2,21 =0.0093, p=0.990). The number of the syllables ranged from 2 to 15 (Table 4 ). The mean value of F. s. littoralis was the highest (6.24 syllables), followed by F. s. interposita (4.66 syllables) and F. s. serrana (4.15 syllables). As indicated by Gonzaga (2001) , in longer phrases, the syllables could present a variation characterized by "an abrupt initial attack of rapidly descendant modulations ( Figures 30D and 31D ) but not ascendant ( Figure 29D ) with a frequency and tone a little more high-pitched". This variation was found in all three taxa, corroborating Gonzaga (2001) , but it was not useful for distinguishing one from another. Table 4 ).
The duration of the central syllable varied from 0.07 to 0.15 seconds ( Table 4 ). The central syllables of F. s. serrana were the longest ones whereas those of F. s. littoralis were shortest (see Table 4 ). A significant difference (F 2,19 =5.5650, p=0.012) was observed in this character between F. s. serrana and F. s. littoralis (p=0.020).
The fundamental harmonic frequency of the central syllable ranged from 1.85 to 3.40 kHz (Table 4 ) and a significant difference (F 2,18 =7.0462, p=0.005) was evident only between F. s. serrana and F. s. littoralis (p=0.005).
As in the analyses of song, overlaps between the minimum and maximum values in all continuous variables (Table 4 ) and a lack of structural differences among the taxa, did not allow a diagnosis of the characters of Call 1.
Call 2. The duration of the central syllable ranged from 0.085 to 0.181 seconds (Table 5 ) and did not differ significantly among the taxa (F 2,22 =0.0307, p=0.969). Some degree of variation in the structure of this syllable was observed (Figures 32-34 ) as indicated by Gonzaga (2001) . This variation is a consequence of the change in modulation of the syllables and it was not related to any specific taxon. continued.
The fundamental harmonic frequency of the central syllable ranged from 3.057 to 5.383 kHz ( height, wing length and tail length. These results corroborate the morphometric data described by Gonzaga and Pacheco (1990) . No significant difference was found between F. s. serrana and F. s. interposita, except in bill length, which was significantly longer in F. s. interposita (p=0.044). Despite the significant differences between taxa, overlaps in values make it impossible to use these as diagnostic characters. The Principal Components Analysis (PCA) for males indicated that Factor 1 and Factor 2 were responsible for 68.0% of the variation. The greatest contributing characters for Factor 1 (46.0%) and Factor 2 (22.0%) were, respectively, bill length and tail length. The measurements of F. s. interposita fell within the variation of F. s. serrana, as did those of some specimens of F. s. littoralis (Figure 35) Females showed significant differences among taxa in most morphometric characters ( (Table 6) . Again, however, there was overlap in values among taxa.
The PCA for female specimens indicated that Factor 1 and Factor 2 were responsible for 70.9% of the variation. The greatest contributing characters for Factor 1 (47.7%) and Factor 2 (23.2%) were, respectively, wing length and bill length. Overlap in measurements of F. s. interposita, F. s. littoralis, and F. s. serrana make it impossible to distinguish these taxa (Figure 36) .
The discriminant function analysis did not significantly identify F. s. serrana (92.3%), F. s. interposita (80%) and F. s. littoralis (83.3%). 
Discussion
Taxonomy. Neither F. s. interposita nor F. s. littoralis proved to be a valid taxon under the phylogenetic species concept (PSC) (sensu Nelson and Platnick 1981) , due to the lack of diagnostic characters in relation to F. serrana, which has nomenclatural priority over these two taxa. Under the PSC, which we advocate, interposita and littoralis must be treated as synonyms of F. serrana (Hellmayr, 1929) .
Under the biological species concept (BSC), these populations would likewise be considered a single species. They lack diagnostic features and are probably not reproductively isolated. Thus, the treatment of the three populations would likely be the same as that proposed by Gonzaga and Pacheco (1990) : that is, subspecies of F. serrana. Formicivora s. serrana, F. s. interposita and F. s. littoralis would correspond to the mountain population, Vale do Paraiba population, and littoral population, respectively, of F. serrana. Under the evolutionary species concept (Wiley 1981) , each population could be considered a valid species, depending on the author's interpretation of the intermediate characters. The statistical differences between the populations could be considered an indication of unique evolutionary trajectories.
Morphometrics. The morphometric data demonstrated geographic variation in both males and females, but not all characters exhibited the same pattern of variation. In females, all characters presented mosaic variation (sensu Futuyma 1992) . Lowest values were found in the central, or Vale do Paraiba population, with higher values in the littoral population (with the highest mean values except for tail length) and in the mountain population (which was morphometrically intermediate in all characters except tail length; see Table 6 ). Among males, bill height, wing length and tail length presented mosaic variation similar to that of females, increasing from the center, represented by the Vale do Paraíba population, to the extremes represented by the littoral population, with the highest mean values, and mountain population, the morphometric intermediate. The remaining characters (bill length and bill width) showed clinal variation (sensu Endler 1977) in males, characterized by an increase of size from the mountains to the littoral population.
Although there were significant differences in morphometric characters among populations, they were not diagnostic (see Table 6 ).
Plumage. In plumage coloration, F. serrana is a polymorphic species, varying geographically as a north-south cline. This species shows both individual and inter-populational variation. Examples of this variation include the reduction of the white coloration in the supercilium (Figure 5 ), the change in upperparts coloration from brown to black to grey (Figure 8) , and a reduction of white in the rectrices (Figure 11 ). The remaining characters (wing coverts, flanks and tibia feathers) varied in the same direction but in a smoother way than the previous characters, which presented a more abrupt and well marked morphological break. This variation could be interpreted as a step cline pattern.
The population of Vale do Paraíba was the most polymorphic of the three populations, which is best seen in the variation in the supercilium (Figures 5 and 6 ) and upperparts (see Figure 8) . A similar polymorphism in an intermediate population was observed by Miller and McCabe (1935) for Passerella lincolnii, which included character states found in specimens of both extreme populations.
These morphological differences, more noteworthy in the littoral population of F. serrana, can also be related to the probable lack of gene flow between this population and the mountain and Vale do Paraíba populations, due to its relative geographic isolation. Recently, Vecchi and Alves (2008) extended the range of the littoral population to the north bank of the Araruama lake in the municipality of Iguaba Grande, representing the most "interior" record for this population. These authors also pointed out the need to confirm the existence of the geographic gap between the populations of the littoral and Vale do Paraíba, as noted by Gonzaga and Pacheco (1990) . In spite of this range extension, the existence of this gap was supported by our fieldwork in the municipalities between these two populations (Duas Barras, Bom Jardim, Nova Friburgo, Teresópolis, Macaé, Casimiro de Abreu, Silva Jardim, Cachoeira de Macacu and Guapimirim), where no individuals were recorded.
Vocalizations. The results of our vocal analyses demonstrated the similarity of the vocalizations of the three populations, as noted by Gonzaga and Pacheco (1990) . This was reinforced by playback, in which vocalizations (song and calls) of each population elicited response from the other populations of F. serrana (Firme and Raposo, unpubl. data) . This similarity is reflected in the lack of diagnostic characters in F. serrana. In spite of the lack of diagnostic vocal characters, the results of the analyses (Tables 3-5 ) suggest a cline similar to that found for the plumage.
Conservation. Taxonomic studies are crucial for conservational efforts (Zink & McKitrick 1995; Zink et al. 2000; Raposo 2001; Valdecasas & Camacho 2003; Agapow et al. 2004; Mace 2004; Winker et al. 2007) . Our results have demonstrated that the littoral population of F. serrana, formerly considered a threatened species (Collar et al. 1992 , Tobias & Williams 1996 Sick 1997; IBAMA 2003; Zimmer & Isler 2003; BirdLife International 2004; Rocha et al. 2005; Marini & Garcia 2005; Vechhi & Alves 2008) , is not a valid species. Future conservation and behavioral studies focusing on the littoral populations of F. serrana must be mindful of its relationship to the other populations of this species.
